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Description 

[MEMORY ARCHITECTURE AND METHOD 
FOR REPAIRING A SERIAL ACCESS 

MEMORY] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91120412, filed on September 9, 2002. 
Background of Invention 

[0002] Field of Invention 

[0003] jhe present invention relates to amemory architecture and 
method for repairing a serial access memory. More partic- 
ularly, the present invention relates to a memory architec- 
ture and method for repairing a serial access memory by 
providing a control interface circuit and redundant mem- 
ory. 

[0004] Description of Related Art 

[0005] Following recent advances in electronic technology, infor- 
mation exchange between users is increasingly frequent. 



Information exchange often requires a large storage 
medium to hold data. As the access speed of memory has 
increased, so memory has become an important storage 
medium in information systems. Due to a rapid increase in 
the volume of transmitted data, memory with higher ac- 
cess speed and increased storage capacity is in great de- 
mand. To increase the production yield of memory and 
hence reduce production costs, especially for application 
specific integrated circuit (ASIC) devices, whose overall 
yield is greatly affected by the corresponding yield of its 
memory module, a type of memory module with repairing 
capacity has been developed. This type of the memory 
module often includes a main memory as well as a redun- 
dant memory and peripheral control circuits. The redun- 
dant memory can be used to replace a portion of some 
damaged memory cells inside the main memory. 
[0006] pig. 1 is a block diagram showing various components in- 
side a conventional memory module 100 with repairing 
capability. As shown in Fig. 1, aside from having a main 
memory 110, the memory module 100 also has a redun- 
dant memory 120 and peripheral control circuits, includ- 
ing a fuse box 130, a comparable logic unit 140, and a 
routing logic unit 150, as shown in Fig.l. If a portion of 



the memory cells inside the main memory 110 is dam- 
aged, corresponding memory cells in the redundant mem- 
ory 120 can be used to replace these damaged memory 
cells. 

[0007] First, the addresses of the damaged memory cells inside 
the main memory 110 are registered. Thereafter, fuses in- 
side a fuse box 130, corresponding to the addresses of 
these damaged memory cells, are cut off by the use of a 
laser, in order to register these addresses in the fuse box 
130. Before accessing the memory module 100 with re- 
pairing capacity, the comparable logic unit 140 compares 
access memory address A with all registered addresses of 
the damaged memory cells inside the fuse box 130. If one 
of the addresses of the damaged memory cell matches the 
access memory address A, the comparable logic unit 140 
outputs a repair signal R, indicating that access memory 
address A is one of the registered addresses of the dam- 
aged memory cells and the repair signal R is sent to rout- 
ing logic unit 150. The routing logic unit 150 then 
switches an accessing pathway from the damaged mem- 
ory cell corresponding to access memory address A within 
the main memory 110 to an address in the redundant 
memory 120 that corresponds to access memory address 



A. 

[0008] pig. 2 is an example of one registered unit of a conven- 
tional fuse box, in which fuses and a comparable circuit 
for registering the damaged memory addresses are pro- 
vided. In the example, each address of the damaged 
memory cell is an 8-bit byte. Hence, there are altogether 
16 fuses including F0 ~ F7 and FOB ~ F7B as well as 16 
corresponding transistors including NO ~ N7 and NOB ~ 
N7B for each address of the damaged memory cell. The 
fuse box in Fig. 2 also includes a load L and an inverter 
210 for outputting a repair signal Rl that indicates the 
accessed address is the address of a damaged memory 
cell. The drain terminals of the transistors NO ~ N7B are 
connected to an operating voltage source VDD through 
their respective fuses F0 ~ F7B, while the source terminals 
of the transistors NO ~ N7B are connected to the load L. 
The gate terminals of the transistors NO ~ N7 are con- 
nected to respective bits AO ~ A7 of the access memory 
address. Similarly, the gate terminals of the transistors 
NOB ~ N7B are connected to respectively bits AOB ~ A7B of 
the access memory address. 

[0009] Assuming the memory cell in the main memory 110 has 
an address from a low bit to a high bit is 00010001 and is 



a damaged memory cell, a laser can be used to cut off the 
fuse FOB, FIB, F2B, F3, F4B, F5B, F6B and F7. The address 
of the damaged memory cell "00010001" is then regis- 
tered in the fuse box. When the bits AO ~ A7 of the access 
memory address A are 00010001, that is, identical to the 
address of the damaged memory cell, the gates of the un- 
cut fuse of the transistors NO, Nl, N2, N3B, N4, N5, N6 
and N7B are applied with a low voltage potential and not 
turned on. Hence, the repair signal terminal Rl output 
from the fuse box possesses a high voltage potential. 
When the bits AO ~ A7 of the access memory address A 
are not the registered address "00010001" in the fuse 
box, the repair signal terminal Rl output from the fuse 
box is in a low voltage potential. Through such a mecha- 
nism, the status, i.e. damaged or not damaged, the mem- 
ory cell of a requested access memory address is indi- 
cated. Obviously, if the number of damaged memory ad- 
dresses that can be held within the fuse box 130 is 
greater than one, the circuit in Fig. 2 must be correspond- 
ingly expanded. 

[0010] when the aforementioned memory module 100 with re- 
pairing capacity is applied to an ASIC device that operates 
in first-in-first-out (FIFO) serial data accessing mode, the 



following disadvantages are apparent in the conventional 
architecture: 1. The comparable logic unit 140 needs to 
compare the access memory address with all the ad- 
dresses of the damaged memory cells registered by the 
fuse box 130. Hence, the comparable logic circuit 140 is 
typically complicated and consumes a lot of power. 2. 
Since the access pathway is changed through the address- 
ing logic unit 150 only after the comparable logic unit 140 
receives the access memory address and compares it with 
all the addresses of damaged memory cells registered by 
the fuse box 130, access performance for the memory 
module 100 is restricted. 3. ASIC design that uses a mem- 
ory module 100 with repairing capacity is normally devel- 
oped by using a memory cell library containing programs 
written for a memory design having embedded repairing 
functions. As such, the development time for an ASIC de- 
sign possessing a memory module 100 with repairing ca- 
pacity is usually longer than for an ASIC design that has a 
memory module 100 without repairing capacity. In addi- 
tion, such ASIC designs possessing a memory module 100 
with repairing capacity are relatively less flexible than 
those without repairing capacity. Furthermore, ASIC de- 
signs that have memory modules 100 without repairing 



capacity are much easier to be obtained in the art, as op- 
posed to those with repairing capacity, which reduces the 

work and costs involved in such designs. 
Summary of Invention 

[0011] Accordingly, one object of the present invention is to pro- 
vide a memory architecture and method for repairing a 
serial access memory. As compared with the conventional 
memory modules in integrated circuit devices, the compa- 
rable logic unit used in the memory module according to 
the present invention is simplified. Also the present in- 
vention is not required to compare an access memory ad- 
dress with all the addresses of the damaged memory cells. 
In addition, the development time, flexibility of applica- 
tions, efforts and costs for the integrated circuit design 
are significantly improved. 

[0012] one further object of the present invention is to provide a 
memory architecture and method for repairing serial ac- 
cess memory. The memory module is implemented by a 
standard memory module design without a repair func- 
tion, which is easily found in a cell library. In an alterna- 
tive embodiment of the invention, the mechanism is used 
in an application specific integrated circuit (ASIC) device. 
A control interface circuit and redundant memory are fur- 



ther provided in the memory module to implement the re- 
pair function for the memory module in the integrated cir- 
cuit device. 

[0013] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides an inte- 
grated circuit with an application circuit and a memory 
module. The memory module includes a main memory, a 
redundant memory and a control interface circuit. The 
control interface circuit is used to store a plurality of ad- 
dresses. Each of the addresses corresponds to a damaged 
memory cell in the main memory. When the memory mod- 
ule is accessed by an access address, the control interface 
circuit issues a pointer address to point to the corre- 
sponding address in the stored addresses in the control 
interface circuit and compares the address corresponding 
to the pointer address and the access address. If the ad- 
dress corresponding to the pointer address is equal to the 
access address, data accessed by the access address from 
the memory module is read out from the redundant mem- 
ory, instead of the main memory. 

[0014] | n an alternative embodiment of the above-mentioned in- 
tegrated circuit, when the data accessed by the access ad- 



dress from the memory module is read out from the 
memory address of the redundant memory, the memory 
address corresponds to the pointer address issued by the 
control interface circuit. 

[0015] | n an alternative embodiment of the above-mentioned in- 
tegrated circuit, each of the addresses stored in the con- 
trol interface circuit has a memory address that corre- 
sponds to the redundant memory. If the address corre- 
sponding to the pointer address is equal to the access ad- 
dress, the data is read out from the memory address of 
the redundant memory corresponding to the address. 

[0016] | n an alternative embodiment of the above-mentioned in- 
tegrated circuit, the control interface circuit comprises a 
pointer control unit, a fuse box and a comparable logic 
unit. The pointer control unit, coupled to the redundant 
memory, is used to generate the pointer address. The fuse 
box, coupled to the pointer control unit, is used to regis- 
ter the addresses of the damaged cells of the main mem- 
ory and output one of the addresses according to the 
pointer address. The comparable logic unit, coupled to 
the fuse box, is used to compare the access address with 
the address output from the fuse box, and generate a re- 
dundant selection signal if the address corresponding to 



the pointer address is equal to the access address. If the 
redundant selection signal is activated, the data accessed 
by the access address from the memory module is read 
out from the redundant memory, instead of the main 
memory. 

[0017] The control interface circuit further includes a data selec- 
tion unit coupled to the application circuit, a main mem- 
ory, redundant memory and a comparable logic unit. If the 
redundant selection signal is activated, the data accessed 
by the access address from the memory module is read 
out from the redundant memory. If the redundant selec- 
tion signal is not activated, data accessed by the access 
address from the memory module is read out from the 
main memory. 

[0018] The data selection unit includes a multiplexing circuit. The 
comparable logic unit includes an assembly of NOR gates. 

[0019] | n the above-mentioned integrated circuit, the pointer 

control unit increments or decrements the pointer address 
by a step value when the redundant selection signal is set. 
In a preferred embodiment, the step value is one. 

[0020] To realize these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a method 



for an integrated circuit with an application circuit and a 
memory module. The memory module includes a main 
memory, a redundant memory and a control interface cir- 
cuit. The control interface circuit is used to store a plural- 
ity of addresses, each of which corresponds to a damaged 
memory cell in the main memory. The method includes 
assessing the memory module by an access address, issu- 
ing a pointer address through the control interface circuit 
to point to a corresponding stored addresses in the con- 
trol interface circuit, comparing the address correspond- 
ing to the pointer address and the access address. If the 
address corresponding to the pointer address is equal to 
the access address, data accessed by the access address 
from the memory module is read out from the redundant 
memory. 

[0021] | n an alternative embodiment, in the above-mentioned 
method for integrated circuits, the memory address cor- 
responds to the pointer address issued by the control in- 
terface circuit. 

[0022] | n an alternative embodiment, in the above-mentioned 
method for the integrated circuit, if the redundant selec- 
tion signal is activated, the data accessed by the access 
address from the memory module is read out from the re- 



dundant memory, if the redundant selection signal is not 
activated, data accessed by the access address from the 
memory module is read out from the main memory. 
[0023] | n an alternative embodiment, in the above-mentioned 
method for the integrated circuit, the pointer address is 
incremented or decremented by a step value when the re- 
dundant selection signal is set. The step value is, for ex- 
ample, one. 

[0024] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and intended to provide further explanation of the 

invention as claimed. 
Brief Description of Drawings 

[0025] jhe accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0026] pig. 1 is a block diagram showing various components in- 
side a conventional memory with fault-repairing capabil- 
ity. 

[0027] pig. 2 is an example of a conventional system with a fuse 



link and comparable circuit registering damaged memory 
addresses. 

[0028] pig. 3 is a block diagram of a memory structure with 

fault-repairing capability according to one preferred em- 
bodiment of this invention. 
Detailed Description 

[0029] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0030] The invention provides a memory architecture and method 
for repairing a serial access memory. The memory module 
is implemented by a standard memory module design 
without a repair function, easily found and obtained in a 
cell library provided by some resources without any cost. 
In an alternative embodiment of the invention, the mecha- 
nism is used in an application specific integrated circuit 
(ASIC) design having a memory module design without re- 
pair function. A control interface circuit and a redundant 
memory are further provided in the memory module to 
implement the repair function for the memory module in 



the ASIC device. 

[0031] As compared with conventional memory modules in inte- 
grated circuit devices, the comparable logic unit used in 
the memory module of the preferred embodiment is sim- 
plified. The access memory address does not have to be 
compared with all the addresses of the damaged memory 
cells registered by the fuse box. Hence, the comparable 
logic circuit occupies a relatively lower layout area and 
consumes less power than a conventional comparable 
logic unit. In addition, since the memory module is imple- 
mented by a standard memory module design without a 
repair function, the development time, flexibility of appli- 
cations and effort costs of the integrated circuit design 
are significantly improved. 

[0032] An ASIC device is explained in the following embodiment 
accompanying the corresponding drawing. However, it is 
apparent to those skilled in the art that other kinds of in- 
tegrated circuits can be made with the mechanism of the 
present invention without departing from the scope or 
spirit of the invention. 

[0033] Refer to fig. 3, which shows block diagrams of an ASIC 

device 300 of a preferred embodiment for the present in- 
vention. The ASIC device 300 includes an application cir- 



cuit 310 and a main memory 320, which is an embedded 
memory of a memory module for the ASIC device 300. The 
design 305 for the ASIC device 300 includes an applica- 
tion circuit 310 and a main memory 320 without a repair 
function that can be easily found and obtained in a cell li- 
brary provided by some resources with minimal cost. A 
redundant memory 340 and a control interface circuit 350 
are further provided to implement the repair function in 
the ASIC device 300. That is, in the preferred embodiment 
of the invention, the repair function is completed by such 
a mechanism including the redundant memory 340 and a 
control interface circuit 350. A memory module in the 
ASIC device 300 includes the main memory 320, the re- 
dundant memory 340 and the control interface circuit 
350. 

[0034] The control interface circuit 350 includes a fuse box 352, 
a comparable logic unit 354, a pointer control unit 356 
and a data selection unit 358. The control interface circuit 
350 is implemented by full CMOS process design, which 
significantly reduces power consumption during opera- 
tion. On the other hand, the prior art device is imple- 
mented by N CMOS design. 

[0035] jo reduce production costs, provide more design flexibil- 



ity and boost overall performance, the ASIC device 300 
does not use a design cell library with embedded repairing 
functions. In this invention, the main memory 320 and the 
redundant memory 340 are designed separately. In gen- 
eral, a design cell library with embedded repairing func- 
tion needs to establish a set of specifications before car- 
rying out the design by an external institution. Hence, de- 
velopment time is usually long, the application program is 
usually inflexible and the design cost high. On the con- 
trary, memory designs each without a repairing function 
but a variety of specifications are plentiful, easy to lay 
hold of and mostly free. Hence, using independent mem- 
ory designs to serve as the main memory 320 and the re- 
dundant memory 340 and combining these with the con- 
trol interface circuit 350 in the embodiment, including the 
fuse box 352, the comparable logic unit 354, the pointer 
control unit 356 and the data selection unit 358, to form 
the ASIC device 300 not only lowers production costs, but 
also increases flexibility in providing the main memory 
320 and the redundant memory 340 with a range of stor- 
age capacity. This arrangement is especially useful for the 
ASIC device 300. 
[0036] As shown in Fig. 3, the main memory 320 is used to ac- 



cess serially transmitted data D according to accessing 
address A and the redundant memory 340 is used when a 
portion of memory cells in the main memory 320 are de- 
fective. In this case, the pointer control unit 356 issues a 
memory address chosen by a pointer address P so that 
data D destined for the damaged memory cell is now 
stored inside the redundant memory 340. Since the re- 
dundant memory 340 is only a backup memory for the 
main memory 320, redundant memory 340 has a much 
lower storage capacity than the main memory 320. In 
general, the ratio of memory cells in the main memory 
320 to the redundant memory 340 depends on actual re- 
quirements. However, in order to be compatible with the 
number of addressed damaged memory cells in the main 
memory 320 registered inside the fuse box 352, each of 
the addresses in the damaged memory cells registered in- 
side the fuse box 352 corresponds to the address of a 
memory cell in the redundant memory 340. Consequently, 
the storage capacity of the redundant memory 340 should 
at least match the number of addresses of the damaged 
memory cells inside the fuse box 352. 
[0037] The main memory 320 preferably is a first-in-first-out 
(FIFO) serial data access memory. Due to the special data 



accessing characteristics of a FIFO serial data access 
memory system, the comparable circuit inside the compa- 
rable logic unit 354 is very much simplified. For example, 
as compared to the comparable circuit used in the circuit 
shown in Fig. 2, there is no need to compare all the regis- 
tered addresses of the damage memory cells inside the 
fuse box 352. Only the access address A picked up by the 
main memory 320 is sequentially compared with the ad- 
dress B of one of the damaged memory cells picked up by 
the pointer address P issued by the pointer control unit 
356. To save power, in an alternative embodiment, the 
comparable logic unit 354 is fabricated using an assembly 
of NOR gates. Since a NOR gate only outputs a high po- 
tential when the value at both input terminals is identical, 
NOR gates are particularly suitable for building compara- 
ble circuits. 

[0038] Assume the addresses of the damaged memory cells in 
the main memory 320 are the memory addresses Al, A2, 
A3 and A4 respectively. When a laser is used to cut off the 
fuses inside the fuse box 352, the four addresses Al, A2, 
A3 and A4 must be sequentially stored inside the fuse box 
352. Thereafter, the pointer control unit 356 outputs a 
pointer address P that points to an address for storing the 



address Al, so that the fuse box 352 is able to output the 
address B of the damaged memory cell equal to Al. The 
address Al of the damaged memory cell is compared with 
the access address A via the comparable logic unit 354. If 
the access address A is found to be equal to Al, that is, 
the memory cell corresponds to the access address A in 
the main memory 320 of an damaged memory cell, the 
comparable logic unit 354, accordingly, generates a re- 
dundant selection signal S. The redundant selection signal 
S instructs data selection unit 358 to divert a data access- 
ing pathway from the main memory 320 to the redundant 
memory 340. Since the memory address of the redundant 
memory 340 is controlled by the output pointer address P 
of the pointer control unit 356, the redundant memory 
address pointed to by the pointer address P replaces the 
damage memory address Al corresponding to the dam- 
aged memory cell in the main memory 320. 
[0039] | n addition, the pointer control unit 356 also receives the 
redundant selection signal S so that the pointer address P 
is sequentially incremented or decremented by one step 
value. Preferably, the step value is one unit and points to 
the address in the fuse box 352 where A2 is stored so 
that address B of another damaged memory cell output 



from the fuse box 352 is equal to A2, which corresponds 
to the updated pointer address P. Similarly, the address 
A2 of the damaged memory cell is compared with the ac- 
cess address A through comparable logic unit 354. If the 
access address A is found to be equal to A2, that is, the 
memory cell that corresponds to access address A in the 
main memory 320 is a damaged memory cell, comparable 
logic unit 354 issues a redundant selection signal S. The 
redundant selection signal S informs the data selection 
unit 358 so that the data access pathway is redirected to 
the redundant memory 340. Since the output pointer ad- 
dress P of the pointer control unit 356 already points to 
the memory address of the redundant memory 340 that 
corresponds to the address A2 of the damaged memory 
cell, the memory address of the redundant memory 340 
actually replaces the memory address A2 of the damaged 
memory cell in the main memory 320. Thereafter, the 
pointer address P is sequentially incremented or decre- 
mented by one step value so that the fuse box 352 stores 
the addresses A3 and A4 as well as any corresponding 
addresses in the redundant memory 340. Ultimately, the 
damaged cells inside the main memory 320 are sequen- 
tially repaired using corresponding redundant memory 



addresses. 

[0040] According to the setting of the redundant selection signal 
S, the data selection unit 358 is able to select the correct 
data access pathway between the main memory 320 and 
the redundant memory 340. The data selection unit 358 
can be fabricated using a multiplexing or demultiplexing 
multiplexer circuit. Obviously, the aforementioned em- 
bodiment uses an identical pointer address P to move the 
pointers that point to the fuse box 352 and the redundant 
memory 340. However, this is not the only selection. In 
practice, different pointer addresses may be chosen to 
move the pointer for the fuse box 352 and the redundant 
memory 340 as long as one-to-one correspondence is al- 
ways maintained. Furthermore, when different pointer ad- 
dresses are used, the pointers need not increment or 
decrement in synchrony. In other words, one pointer ad- 
dress may increment while another pointer address decre- 
ments so long as a one-to-one correspondence relation- 
ship is maintained. 

[0041] Accordingly, this invention has at least the following ad- 
vantages: When the data access pathway needs to switch 
from the main memory 320 to the redundant memory 
340, the accessing rate is fast because the pointer ad- 



dress P provided by the pointer control unit 356 already 
points to a corresponding address in the redundant mem- 
ory 340. Hence, access performance is greatly improved. 
In addition, since the comparable logic unit 354 only has 
to compare the access memory address and the addresses 
of the damaged memory cells in the fuse box 352 se- 
quentially, the comparable logic unit 354 can use a very 
simple circuit design. Therefore, power consumption is 
reduced. Furthermore, because independent memory de- 
signs are used to form the main memory 320 and the re- 
dundant memory 340, chipsets design cost is greatly re- 
duced. In addition, since the capacity of the main memory 
320 and redundant memory 340 is scalable and the main 
memory 320 and redundant memory 340 can be enabled 
to performing row or by column repairing, design flexibil- 
ity is as a result increased. 
[0042] it w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 



